In the absence of biochemical data on iron status in preschoolers, data on the adequacy of iron intake may be used to assess the possible risk of iron deficiency in this population group. Therefore, this study aims to investigate iron intake and its food sources in Flemish preschoolers. SUBJECTS/METHODS: A total of 661 Flemish preschoolers 2.5 --6.5 years old were recruited via a random cluster sampling design, using schools as primary sampling units. Three-day estimated diet records were used to assess dietary intakes. The contribution to iron intake (haem and non-haem) of 57 food groups was computed by summing the amount provided by the food group for all individuals divided by the total intake for all individuals. RESULTS: Mean total iron intake (s.d.) was 7.4 (±2.3) and 6.7 (±2.8) mg/day for boys and girls, respectively. In all 65% of the children o4 years old and 45% of those 4 --6.5 years old presented adequate iron intakes. The food groups with the highest mean proportional contribution to total iron intake were bread, meat and meat products, breakfast cereals and sweet snacks (in that order). Children from small families whose mother had a low educational level had higher iron intakes. CONCLUSION: Iron intakes were similar for boys and girls and almost half of the Flemish preschoolers do not comply with the dietary iron recommendations.
INTRODUCTION
Iron is an essential nutrient for humans, having a prominent position in a number of physiological processes, such as oxygen transport and storage, oxidative energy production and others. 1 --3 Iron is present in different forms (haem and non-haem) with differences in characteristics and bioavailability (haem iron has a higher bioavailability than non-haem iron). Long term, inadequate iron intake can lead to iron deficiency anaemia, loss of appetite, lassitude, delayed psychomotor and cognitive infant and child development and lower resistance to infection. 2, 3 Pynaert et al. 4 reported insufficient iron intakes among Belgian adolescents investigated in 1997, with 99.5% of the 13 --18-yearold girls and 38.8% of the boys not reaching Belgian dietary recommendations. 4 When bioavailable iron was considered (using absorption factors of 25% for haem iron 3 and 10% for non-haem iron, 5 84.5% of the adolescent boys and only 16.5% of the girls met the age-specific requirement. 4 However, there are no data related to the intake of bioavailable iron among Belgian children. Moreover, there are no biochemical data on iron status in this population group. Therefore, data on the adequacy of iron intake may indicate the possible risk of iron deficiency in Belgian preschoolers.
This study investigates the intake of total, haem and non-haem, iron among Flemish preschoolers and the percentage of children reaching the new Belgian iron recommendations. In addition, the most important food sources that contribute to children's dietary iron intakes were investigated and the potentially associated variables studied.
METHODS

Survey population
This study used data from the Flanders preschool dietary survey (data collected from October 2002 until February 2003 , in which the usual dietary intake of Flemish preschoolers (2.5 --6.5-year-old) was estimated from 3-day estimated dietary records (3d EDR), completed by parents. The sampling design and methods have been described in detail previously, along with the response rate and the representativeness of the study sample (50% response rate and 49% after data-cleaning). 6 In brief, a random cluster sampling design at the level of schools, stratified by province and age was used. 6 The percentage of underreporters has been described in depth previously and was shown to be low (o2% of the children when using Goldberg cut-offs 7 adapted for children). 8 Underreporters have not been excluded from the study sample that was used for the analyses described here, as similar results were obtained when excluding the underreporters (data not shown).
The Ethical Committee of the Ghent University Hospital (Belgium) granted ethical approval for the study (file number: 2002/300). All parents of the children participating in the Flanders preschool dietary survey provided informed written consent.
Assessment of iron intakes
Parents were asked to complete estimated dietary records about their child's food intake on three consecutive days. Details on brand name and/or food type (for example, low fat) were reported whenever available. Only diaries with three completed record days were included (n ¼ 696; 66% of collected diaries).
The Dutch food composition databases NEVO 9 was used for calculating haem, non-haem and total iron intakes. Data for the NEVO database were derived from analytical reports, from food producers and from the literature. A standard protocol is used to decide whether the products qualify for inclusion in the NEVO database. Preferably nutrient data originate from analyses conducted in Dutch laboratories. Descriptions of the foods, sampling procedures and analytical methods have to meet quality standards. 9 Losses during preparations were taken into account as all foods were coded 'as eaten' and not 'as raw'.
In total 936 foods and composite dishes were encoded in the original database. All recipes that were described in depth as individual ingredients in the diaries were encoded as ingredients in the original database. After linking haem and non-haem iron values (g/100 g) of the NEVO table with the detailed food list, all food items were divided into 57 food groups of similar nutrient content or consumption, based on the classification of the Flemish FBDG, 10 and the expert opinion of the investigators (see food groups listed in Table 3 ).
Parental questionnaire about socio-demographic, economic and lifestyle factors To evaluate possible determinants of food consumption habits, a general questionnaire, registering additive information about the child, its parents and the family/household composition was completed by the parents. The authors categorized parental work status (employed or unemployed), education (lower secondary education (only the 3 first years, or less of the secondary education), secondary education or post-secondary education) and smoking status (yes/no), as well as family size (less than two versus two or more children) and child nutritional supplement consumption (yes/no). Children's physical activity level was estimated by the parents as follows: light means sedentary, medium means that a sport is often practiced and high, that one or more sports are regularly practiced, which involves training.
Statistical analyses
The Statistical Package for the Social Sciences for Windows version 14 (SPSS Inc., Chicago, IL, USA) was used. In total, 661 children were included in the analyses (age and/or sex were missing for 35 children what reduced our sample from 696 to 661 children in the statistical analyses). Mean and median 'usual' intakes of the population were calculated using statistical modelling to correct for day-to-day variability in the 3d EDR. 11, 12 The program used to calculate usual intakes was the Software for Intake Distribution Estimation (C-side).
13
The Belgian recommended nutrient intake is 3.9 mg/day for children o4 years old and 4.2 mg/day for children X4 years old; 14 however, no estimated average requirements (EAR) are given. Therefore, the US EAR for preschool aged children was used: 3.0 mg/day for children o4 years old and 4.1 mg/day for children X4 years old. 15 As on average 25% of haem iron 3 and 10% of non-haem iron 5 are absorbable, bioavailable iron intake was estimated as follows: 4 bioavailable iron intake ¼ (haem iron intake Â 0.25) þ (non-haem iron intake Â 0.10).
3 As all these recommendations included different reference values for children under 4 years and children at least four years old, we calculated the median intakes for these two different age groups (2.5 --3 years old versus 4 --6.5 years old) ( Table 2 ).
For determining the proportion of preschoolers who had an iron intake below the recommendations the full probability approach was used. 16, 17 The population proportion formula was used to determine the percentage contribution of each of the 57 food groups to the intake of each dietary component (haem and non-haem iron). This was done by summing the amount of the component provided by the food for all individuals divided by the total intake of that component from all foods for the entire study population. 18 --20 A Kolmogorov --Smirnov test was used to test for normality. To compare the means of different groups, the Independent-Samples t-test was used for normally distributed data, otherwise the Mann --Whitney U-test was used. All analyses were also executed using bio-available total iron intake.
A generalized linear model was used to investigate the associations of total iron, haem-iron and non-haem iron intake (dependent variables) with the socio-demographic, economic and lifestyle variables available in parental questionnaires (independent variables). Associations were simultaneously controlled for all variables included in the models: total energy intake, sex, age, physical activity level, supplement use, household size, occupational status and educational level of the parents and smoking of the parents. Interactions of the independent variables with age and gender were also included (only the interactions between mother's education level and age were significantly influenced total iron, and non-haem iron status). Afterward, a fitted model was used by reducing the full model until only statistically significant (Po0.01) variables were left. This was done by several backward steps, so that the least significant covariable is dropped except it is significant at the critical level of 0.01. The reduced models are successively re-fitted applying the same rule until all remaining variables are statistically significant. The Type I Wald chi-square test was used to determine significance. A P-value of o0.01 was taken in order to reduce the probability of false-positive findings.
RESULTS
In Table 1 the energy intake (kcal/day), the absolute (mg/day) and energy-adjusted (mg/1000 kcal) intake of total, haem and non-haem iron intake in boys and girls separately are shown.
The absolute mean intake of non-haem and haem iron, respectively, was on average 6.9 and 0.6 mg/day for boys and 6.2 and 0.6 mg/day for girls, respectively. The higher intake of non-haem iron compared with haem iron was consistently observed in boys and girls. Although significant differences were Table 1 . Description of energy intake (kcal/day), absolute (mg/day) and energy-adjusted (mg/1000 kcal) intake of total, haem and non-haem iron and the ratio of non-haem/haem iron intake (mean, s.d.) in boys (n ¼ 338) and girls (n ¼ 323) found between genders for total iron intake and non-haem iron intakes (Po0.001), no significant differences were found after correcting for energy intake. Table 2 shows the median iron intakes and the percentage of the population that reaches iron intake recommendations using the full-probability approach. Also median bioavailable iron intakes (mg/day) in the different age categories are shown. The median intake of total iron and bioavailable iron was above the EAR in both age categories ( Table 2 ). The percentage of children meeting the iron recommendation was 65% and 45% in the youngest and oldest age group, respectively ( Table 2) .
Although the dietary reference intakes for iron differed between the two age groups, the reference intakes for boys were the same as for girls in the three different dietary recommendations discussed above. When stratifying for gender, the proportions of children meeting the iron recommendations when using the full probability approach was very similar between boys and girls and comparable to the values given for the total population in Table 2 (data not shown).
The average proportional contribution of different food groups to dietary total, haem and non-haem iron intakes is shown in Table 3 . Food groups with the highest mean proportional contribution to total dietary iron intake in both boys and girls were in the following order: bread (14.5%), meat and meat products (10.5%), breakfast cereals (10.2%) and sweet snacks (9.5%). For haem iron, the main contributors were meat and meat products (69.5%), cold cuts from meat products (18.5%) and poultry (5.6%). For non-haem iron, the main contributors were bread (15.9%), breakfast cereals (11.2%) and sweet snacks (10.4%), followed by sugared milk drinks (6.7%) and cooked vegetables (6.3%). The contributions for the total study population are presented in Table 3 , being the contributions for both genders similar (data not shown).
Associations of socio-demographic factors with total iron, haem and non-haem iron intakes are shown in Table 4 . Total energy intake and mother's lower secondary education were positively associated with total, haem and non-haem iron intake. The maternal educational level was inversely associated with total, haem and non-haem iron intake (Po0.004) ( Table 4) . Children from lower educated mothers had significantly higher iron intakes compared with children from higher educated mothers. In addition, children from smaller families had higher total iron and non-haem iron intakes than those from bigger families (42 children). In contrast, age was negatively associated with total and non-haem iron intakes.
DISCUSSION
Previous research reported insufficient iron intakes among Belgian adolescents, mainly in adolescent girls (13 --18 years old). 4 When bioavailable iron was considered, 84.5% of the adolescent boys and only 16.5% of the girls met the age-specific requirement. 4 However, data related to the intake of bioavailable iron among Belgian children is lacking, as well as biochemical data on their iron status. Therefore, we evaluated the iron intake of the children in order to assess the possible risk of iron deficiency in this population group. We observed that total iron intakes were higher among boys than among girls, however, this difference disappeared when correcting for total energy intake. When comparing total dietary intakes with the recommendations via the full probability approach, 65% of the children o4 years old had total iron intakes above the iron recommendation and 45% in the age group 4 --6.5 years old. This means that almost half of the preschool aged population in Belgium has inadequate iron intakes when comparing with the recommendations.
A comparison of iron intake in Flemish preschoolers with other preschool populations from other countries is difficult to make and needs to be interpreted carefully, mainly because of potential differences in methodology, study population and dietary reference values used. Furthermore, only few studies reported bioavailable iron or haem and non-haem iron separately. Taking this into account, our iron intake results were comparable with those from France, the Netherlands and the UK. 21 This review reported that iron intakes in 2-to 3-year-olds ranged from about 5 to 10 mg/day, and those of 4-to 6-year-old boys and girls from around 6 to 13 mg/day. 21 In the DONALD cohort in Germany, detailed data were collected on diet, metabolism, growth and development from healthy subjects between infancy and adulthood. Food consumption was assessed with 3 --day weighed dietary records. From 1995 --2000, mean iron intake in the age category 4 --8 years was 8 (s.d. ¼ 2.1) mg/day, which was slightly higher than in our population. 22 In our study, bread is the main source of total iron intake (15%), followed by meat (11%) and breakfast cereals (10%). Meat was the primary source of haem iron intake (32%). The contribution of breakfast cereals to iron intake was much higher in US children than in Flemish preschoolers. Subar et al. 23 already reported an important contribution from fortified foods to different micronutrients in US children in 1989 --1991.
Comparison with the main iron contributors among 4 --year old Swedish children showed that meat products had a higher contribution to total iron intakes (23%), whereas bread had a much lower (o10%). 24 As previously indicated, there are no data available on biological iron status in our study population, thus it is not clear to what extent the observed intake translates into adequate overall iron status. It is known that the risk for iron deficiency (serum ferritin o12 mg/l) is apparent, especially in adolescent girls. For instance, in Great Britain, the National Diet and Nutrition Survey (1997) of young people (aged 4 --18 years), demonstrated that iron status indices were strongly correlated with haem iron intake, but not with total or non-haem iron intake, and improved with increasing meat consumption. 25 Low haemoglobin levels were observed in 9% of children aged 4 years. 25 From a Swedish follow-up study that began at age 6 months, Ohlund et al. 26 reported that prevalences of anaemia and iron deficiency were low, affecting 2 (1.8%) and 3 (2.8%) children at the age of 4 years (n ¼ 127), respectively; no child had iron deficiency Table 2 . Median iron intake (mg/day) and proportions of preschoolers who met the recommendation in children younger than 4 years (n ¼ 197) and children aged 4 --6 years using the full-probability approach (n ¼ 465) anaemia. These authors also showed that food choices had little effect on iron status and that haemoglobin concentrations and mean corpuscular volume tend to track from infancy into childhood. In this study, dietary iron intake was not significantly correlated with heamoglobin concentrations, whereas the consumption of meat products had a positive effect on serum ferritin concentrations and mean corpuscular volume in boys (P ¼ 0.015 and 0.04, respectively). In healthy, well-nourished children with a low prevalence of iron deficiency, the mother's haemoglobin concentration was significantly associated with that of her child, but the underlying mechanism is unclear. 26 When looking at possible child or family characteristics that could be associated with dietary intakes, the authors found a significant influence of the educational level of the mother and family size on total iron and haem-iron intake in preschool aged children (children from lower educated mothers and small families had higher iron intakes). Possible explanations for these associations between participant characteristics and iron intake are the Includes foods or components with negligible contributions to total nutrient intakes that could not be categorized in the above food groups (e.g., herbs and spices/monosodium glutamate/starch/plain gelatin/artificial sweeteners/pectin/cocoa powder/etc). and family size (p2 children and 42 children) using higher educated mothers and 42 children as a reference.
Iron intakes among preschoolers I Huybrechts et al fact that people with different socio-economic status might have different dietary behaviours that lead to different iron intakes. Our study presents the following strengths and limitations. A large representative sample of 661 Flemish preschoolers participated in the study. Although willingness to participate leads to some selection bias, these data represent a more general population of preschool children in Flanders compared with other food consumption surveys that are mostly restricted to local areas. Nonetheless, as previously shown, 6 the study sample was subject to certain selection bias, with lower socio-economic classes being underrepresented. It is also noteworthy that similar to any dietary assessment methodology, diet records are prone to a degree of misreporting that may have influenced our classification of compliance and non-compliance with dietary reference intakes (DRI). In addition, a 3d diet record does not necessarily reflect an individual's usual intake. Therefore, a statistical modelling method that accounts for within-individual variability was used to calculate usual iron intakes (except for the food group intakes reported in Table 3 ). As all days of the week were included in the study, it was possible to adjust our data to remove the effect of the day of the week. Unfortunately, it was impossible to correct for seasonal variations, because our fieldwork was only conducted during autumn and wintertime. No data were found relating to potential seasonal influences on nutrient intakes in this population group in Belgium. However, from the National food consumption survey in 2004, it could be concluded that seasonal variations were only limited at the nutrient level. 27 These low seasonal variations could be due to the widespread availability of most foods all year round.
In addition, it should be noted that food composition data, used for calculating nutrient intakes might also introduce some error in dietary surveys reporting nutrient intakes. Food composition data is essential for calculating nutrient intakes from consumption data. However, most of the available food composition tables do not include detailed data on haem and non-haem iron, therefore the authors were not able to use the Belgian food composition table ( Nubel). The food composition table from the Netherlands (NEVO) was the only FCT available from a neighbouring country with similar food consumption habits that included haem and nonhaem iron data. Therefore this FCT was used instead of our Belgian Nubel table. However, using a food composition table from another country might have some limitations as differences in food composition might exist between different countries for similar food items. Furthermore, not all Belgian food items were included in the NEVO table what required extra calculations via recipes/ingredients or what forced us to use information from a similar food item that was available in the NEVO table. Therefore, the authors would like to emphasize the growing requirement for robust food composition data as described by Westenbrink et al. 28 The data presented in this paper do not include the use of iron supplements as this information was not included in the 3-day dietary records. However, from the food frequency questionnaire used in the Flanders preschool dietary survey, it could be concluded that only 1.3% of the children were using iron supplements, limiting the impact of the absence of this variable in our study. 29 
CONCLUSION
Iron intakes were similar for boys and girls (when adjusting for energy intake) and the mean iron intake of the majority of Flemish preschoolers complies with several (inter)national dietary iron recommendations. However, almost half of the children seem to have inadequate iron intakes when comparing with the recommendations via the full probability approach. The educational level of the mother and family size were the only socio-economic factors that had a significant influence on total iron and haem-iron intake in preschool aged children (children from lower educated mothers and small families had higher iron intakes).
